Summary In view of the increased incidence of pancreatic cancer and the possible aetiological role of certain dietary factors, a retrospective epidemiological study was undertaken to investigate the roles of tobacco, alcohol, fat, protein and carbohydrate intakes. Sixty-nine patients with pancreatic adenocarcinoma, and 199 normal subjects were interviewed. Data were obtained on life time drinking, smoking and dietary habits. Conditional logistic regression models were used to analyse the relative risk variations. It was shown that the relative risk of cancer of the pancreas increases with fat and alcohol intakes, does not vary with protein intake, and decreases with carbohydrate intake and duration of alcohol consumption. Alcohol may be not directly involved in the aetiology of cancer of the pancreas: its effect could be due to the contents of some alcoholic beverages.
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The incidence of cancer of the pancreas is increasing in most industrialized countries (Hirayama, 1975; Krain, 1972; Levin et al., 1981) . In Western Europe and in the U.S.A., it was about 9.5 per 105 inhabitants in 1976 (Morgan & Wormsley, 1977) . In France this form of cancer was the fourth most important cause of all deaths from digestive diseases in males and the fifth in females, accounting for 3.5% of such deaths. It was twice as common in males as in females and chiefly occurs after the age of sixty (Audigier et al., 1976) .
In earlier epidemiological studies the roles of chronic alcoholism and tobacco consumption as well as that of coffee and various dietary factors were suggested or identified (Burch & Ansari, 1968; Wynder et al., 1973; Mac Mahon et al., 1981; Cukle & Kinlen, 1981) . Burch & Ansari (1968) analyzed the past habits of 83 patients with cancers and pointed out that 54 of them had a higher alcohol consumption than that of 100 controls. Tobacco consumption was implied in several studies; in particular, cigarette or cigar smoking was associated with an increased risk. Besides, the cancer mortality in Japanese migrants in the U.S.A. was higher than in Japan, suggesting that diet could be a risk factor, either directly or on account of the presence in processed foods of carcinogenic products specific for the pancreas, e.g. nitrites (Wynder et al., 1973) . Epidemiological studies indicated a significant correlation between the national incidence of this cancer and the average per capita intake of fats (Levin et al., 1981 Therefore we designed an epidemiological study to investigate the contribution of tobacco, alcohol, fats, proteins and carbohydrates to the variations in the relative risk of cancer of the pancreas.
Materials and methods
A retrospective case-control study was carried out. Two groups of subjects were considered: cancer cases and normal controls. The age ranges of the two samples were approximately the same (30-90y).
Sixty-nine cases of cancer (37 males and 32 females) were studied. These were all the patients with histologically proven adenocarcinoma from 3 Gastroenterology departments in Marseille, over a period of approximately 2 y . Only the patients resident in the Marseille area for at least 10y were considered.
Controls were 199 normal symptomless individuals (100 males and 99 females), selected during the same period. The greatest care was taken to eliminate subjects with previous digestive disorders. For each cancer, several (at least two) controls of approximately same age, same sex, and same type of dwelling (home or retirement residence) had to be selected by a "door-to-door" method. However, it was not always possible to achieve this. Thus, the two samples (cancers and controls) were considered as independent. An m-n .c The Macmillan Press Ltd., 1983 matching was performed a posteriori, according to age and sex, for statistical analysis. The purpose of this stratification was to increase the validity of the further comparisons. Socio-economic status was not taken into account but seems to play no role (Seidman, 1970) .
All the subjects were interviewed by the same specially-trained dietician according to a standardized questionnaire previously tested (the so-called Recall method). The interviews were related to past diet, drinking and smoking habits (before diagnosis of cancer). Principal modifications occurring in the 10y period before the interview ( -the kinds of alcoholic drinks: beer, wine, spirits.
The age at which the first signs of cancer of the pancreas appeared was determined by medical practitioners as the age of onset of the first symptoms. Possible errors were of little importance in view of the high mortality rate in the year following diagnosis.
Statistical method
The effects of the variables studied and of their interactions on the relative risk of pancreatic cancer were investigated by conditional logistic regression models. These models were introduced by Cox (1972) and adapted to retrospective case-control studies by Prentice & Breslow (1978 (Prentice & Breslow, 1978) . Briefly, one can show that, if Z(1), Z(2)... Z(q are the exposure vectors of cancers and Z)(q+1..).9 Z(+lp) those of controls, the conditional probability of observing Z(1,.. ., Z() as cancer exposure vectors, Z(1) ... Z(p+q) given is equal to:
where R is an index set comprising all the combinations of q objects taken in p+q or here all ways of selecting p vectors among p + q (Lubin, 1981) .
If several strata have to be considered, the conditional likelihood is the product of terms as above on all the strata. An estimation of ,B is obtained by maximizing this function.
Asymptotic standard error vi for each f,i component estimate is obtained from the information matrix (Cox, 1972) conditional logistic regression models differ by the fact that one assumes r coefficients fpi equal to zero and the other not, the conditional ratio likelihood Chi square statistic (Cox, 1972; Prentice & Breslow, 1978) with r degrees of freedom (d.f.) allows the testing of the contributions of r factors (variables or interactions) to the variations of the relative risk of cancer of the pancreas. This makes it possible to perform a forward stepwise selection procedure to include in the model (at each step) the variable carrying the most information on relative risk variations, taking into account its relationships with the variables already included. Though different this method can be compared with a classical regression method, the dependent variable here being the Logrelative risk. However, the estimation process is quite different. Conditional maximum likelihood estimation allows the simultaneous inclusion of binary and continuous variables.
In the present study cancers and controls were stratified by age and sex. One or several cases were thus associated with one or several controls with the same sex and with the same age (+ 2.5 y). This can be considered as an m-n design matching (Lubin, 1981 (Table IV) . The effect of tobacco was then not significant, but the duration of alcohol consumption now had a significant negative effect (,Bi <0).
Moreover, the inclusion of an interaction between alcohol and tobacco carried no information on the tNormal deviate (see Table III ). +R.R.: relative risk. It was calculated for lOg/d over the median for fats, 1OOg/d over the median for carbohydrates, lOg/d over zero for alcohol intake and lOy over zero for alcohol duration.
In the same way an alcohol consumption of 10 per day is associated with an increase of Log relative risk equal to 0.2. The relative risk j multiplied by 1.24 for each 10g per day of alcohc consumption (Table VI) .
For carbohydrate intake, other variables hel constant, the Log-relative risk is decreased by 0.73 for each 100g per day.
The estimations given for the Log-relative-ris are point estimations. Ninety-five per cer confidence intervals are thus given in Tables III an  IV for the Log relative risk.
The relative risk calculated for an increment c each variable is displayed in Table VI . It is possibl to plot the estimated Log-relative risk in function c each variable, the others held constant. The figur (Wynder et al., 1973) and some hormonal factors (Lin & Kessler, 1981; Soloway & Sommers, 1966) . Coffee consumption, a highly suspected factor, was not included in our study. Coffee is certainly related to smoking and drinking (and perhaps to dietary) habits. A confounding effect is thus possible with coffee. However, it seems improbable that the major findings of this study concerning fats and carbohydrates could be modified by its inclusion. Further investigations on this point are, however, necessary. The periods considered for determination of past habits can also introduce bias (Rothman, 1981) . These factors make it necessary to consider only the greatest effects in estimation of the relative risk. Stratification is a very useful method to avoid bias but is not always sufficient. External consideration can be very useful in the investigation of the roles of the factors retained. Analysis of the effect of each variable alone on the relative risk can lead to erroneous conclusions. The validity of the dietary questioning, used here, has already been tested in previous studies (Cubeau & Pequignot, 1976) and estimated consumptions can be considered reliable.
This study has shown that a high fat intake was associated with an increased relative risk of cancer. Previous studies based on total combined data from 19 countries have shown that fats are positively correlated to the National death rate from cancer of the pancreas (Segi et al., 1969) . Fats could contribute to carcinogenesis by increasing secretion of the pancreas. In particular, it has been shown in rats that a diet rich in unsaturated fats increased the induction of cancers by Azazerine (Roebuck, 1981) . A high carbohydrate consumption is associated with a diminution of the relative risk. That is apparent whether analysis is performed on each variable or on several variables. It is possible that an augmentation of fat intake could be related to a reduction of carbohydrate intake. Since the cancer patients had a high fat consumption the lower carbohydrate intake could be a logical consequence of this uniform reduction rather than the result of some kind of protective effect exerted by carbohydrates. However, carbohydrate intake has a very highly significant effect in the present study and another hypothesis could be proposed. A diet with a higher fat/carbohydrate ratio (energy held constant) could imply a higher metabolism of fats and consequently exert its carcinogenic effect by the production of one or more fat metabolites.
Considered separately, alcohol and tobacco appear associated with an increased relative risk. However, in a multifactorial model including both, alcohol seems to be the predominant factor. Moreover, no interaction between them could be displayed. Several previous studies on this topic are in disagreement, some considering tobacco only, some alcohol only. However Allan & Imrie (1981) studying the prevalence of pancreatic and gastric cancers in Western Scotland where the incidence of lung cancer and heart disease is among the highest in the World, (this being undoubtedly related to the high incidence of heavy cigarette smoking), found a relatively low incidence of pancreatic cancer. These authors concluded that the incidence of pancreatic cancer is surprisingly low in Western Scotland if pancreatic cancer is related to smoking.
More recently, Lin et al. (1981) found no relation between pancreatic cancer and tobacco. The same authors showed that a consumption of wine greater than two glasses a day, increased the risk of pancreatic cancer in men. Burch & Ansari (1968) also suggested that there could exist a possible association between chronic alcoholism and carcinoma of the pancreas. In a large prospective study of British male doctors, Doll & Peto (1976) found only a slight excess of deaths from carcinoma of the pancreas among cigarette smokers (statistically not significant). Moolgavkar & Stevens (1981) found a positive association between cancer of the pancreas and smoking considered alone; they emphasized the need to take into consideration the cumulative consumption. The duration of tobacco consumption included in our model is not significant when duration and mean daily consumption of alcohol are included. In favour of the role of alcohol our study shows, surprisingly, that the relative risk is higher when the duration is shorter, the mean daily consumption being constant. This finding could mean that cancer patients are more sensitive to alcohol toxicity than controls and consequently their duration of alcohol consumption is shorter for the same daily intake of alcohol. The cancer patients probably ceased drinking before the onset of symptoms.
Moreover, this study showed the difficulties in determining the risk factors for cancer of the pancreas from a case-control survey design when the variables considered were interrelated. The analysis has to be carried out with a multifactorial model taking into account the interrelationships between the variables. The significant effect of one variable, considered alone, can be misleading.
The strength of the association between alcohol and tobacco does not allow these factors to be studied alone. The increase of risk with a factor is not a sufficient condition to attribute an aetiological role to a toxic agent. If alcohol is a direct or indirect risk factor for pancreatic cancer the underlying mechanism by which alcohol could act is not known. Repeated episodes of chronic inflammation in the pancreas could be involved; the daily alcohol intake of the chronic alcoholic could persistently stimulate glandular activity in the pancreas over many months or years and in turn predispose to carcinogenesis. Moreover, although the effect was not significant, beer consumption is associated with an increased relative risk (Table III) about twice that found in non-beer drinkers. This suggests that alcohol may not be directly involved but that the effect could be due to other contents of alcoholic beverages. The incidence of pancreatic cancer is higher in northern per 105 inhabitants), where beer consumption is high, than in southern France where wine is the usual drink (4-4.60 per 105 inhabitants). The amounts of nitrosamines in beer (and whisky) is higher than in wine and cognac. In our samples, 38/199 normal subjects were beer drinkers compared with 22/69 cancer patients. It should be noted also that the death rate from pancreatic cancer (Segi et al., 1969) is higher in many countries where beer consumption is large such as Finland, Ireland, Britain, Denmark and Norway than in France, Italy and Spain where the national drink is wine. However, that is not true for Germany and Belgium.
It could be that both alcohol and the other agents present in alcoholic beverages are involved. It may be possible to discard tobacco in favour of alcohol as a risk factor, but in our study, this could be due also to the difference between light and dark tobacco, which latter is usually smoked in France. Indeed, the sugar content and smoke characteristics of these tobaccos are quite different. In particular, light tobacco smoke is acid and dark tobacco smoke alkaline. This alkalinity implies the presence of nicotine and pyrimide derivatives in the free state, thought to be less toxic as well as leading to less inhalation of dark tobacco smoke. Whether or not this is so, our study and the preceding considerations suggest that alcohol is a major aetiological factor for pancreatic cancer in France. The role of tobacco should be reinvestigated in a greater number of subjects.
